It is ha rd to ima gine learning s cience without doing labora tory or fieldwork. The resea rch work in this paper assessed the s tate of physi cs labora tory tea ching and lea rning resources in some selected uni versi ties in the South Wes t geopoli ti cal zone of Nigeria . The survey was ca rried out i n fi ve uni versi ties namel y The Uni versity of Lagos, Uni versity of Agri cul ture, Lagos Sta te Uni versi ty, Olabisi Onabanjo Uni versi ty and Covenant Uni versi ty. An 88-i tem inventory assessment ques tionnai re was administered and responses were collated for anal ysis. Descri pti ve s tatis ti cs were used to anal yse the data deri ved from the s tudy. Fi ndings revealed tha t there is dea rth of modern and specialised physi cs labora tory equipment/resources ; and the obsolete s tate of most workshops . Inadequa cy of the a vailable resources was also observed where some uni versities combine physi cs students from the Fa cul ties of Educa tion and Science for most pra cti cal sessions. Based on the fi ndings, the s tudy proffers some recommenda tion tha t could improve the res ource situations in these uni versi ties.
Introduction
Physics as a science subject is activity oriented and resource intensive. This suggests that the mastery of physics concepts cannot be fully achieved without the use of laboratory teaching and learning resources. The teaching of physics without learning materials and laboratory resources will certainly result in poor performance in the course. Franzer, Okebukola and Jegede (1992) stressed that for any professionally qualified science teacher, no matter how well trained, it would be impossible to put his ideas into practice if the school setting lacks the equipment and materi als necessary for him or her to translate his competence into reality. Furthermore, Ogunleye (2000) , Mkpanang (2005) and Obioha (2006) have pointed out that most secondary schools in Nigeria lack adequate laboratory resources for the teaching of science subjects. They further remarked that the few resources that are available are generally not in good conditions, while the few that were in good conditions were not enough to go round those who needed them.
In Nigeria, laboratory work has always been an integral component of the physics curriculum at all levels of our educational system. Laboratory practical activities at the secondary level are primarily based on 'discovery' learning while in an undergraduate physics laboratory, for example, students are expected to make precise measurements, have investigative skills and discover the interplay between experimentation and fundamental principles underlying physical phenomena. Unfortunately, such innovations in the teaching-learning of physics have not impacted much at the undergraduate level in our universities. In fact, physics laboratory instruction has all along consisted primarily of performing pre-set repetitive experiments, where students are made to go through a prescribed series of steps wherein they are advised to verify certain laws/concepts learnt in theory. Such a routine exercise neither promotes scientific investigative skills nor an understanding of the subtle interplay between observation and experimentation. As a result, most students in our tertiary institutions of learning tend to view physics as merely an abstract collection of laws, mathematical equations and textbook problems rather than as a way of understanding and modelling physical phenomena.
Review of literature
Laboratory work is an active learning activity which involves students performing experiments with concrete objects and concepts. According to Hofstein and Lunetta (2004) , laboratory work not only promotes science content and knowledge but also science process skills, creative thi nking and problem solving ability in students. Similarly Wang and Coll (2005) also stated that students learn science more effectively by engaging in practical work where they have an opportunity to gain knowledge in the same way as scientists do. In addition, Havdala and Ashkenazi (2007) pointed out, when students engage in laboratory activities, they are expected to link previous theoretical knowledge with experimental design, data analysis and experimental interpretation and to link laboratory results with theory. According to Wellington (1989) , the benefits of the laboratory activities for students in learning science can be summarised in three domains: to develop the cognitive domain (e.g. science content and the nature of science); to develop the affective domain (e.g. promote positive attitude toward science); and to develop skills (e.g. science process skills, laboratory skills, problem solving skills, inquiry skills and communication skills).
Laboratory activities have been defined as learning experiences in which students interact with material, apparatus and chemicals to observe phenomenon. Effective learning takes place when science is taught through this medium of practical work (Okebukola, 1985) .
According to Omosewo (2001) , when students do practical work, besides content achievement and cognitive development, the activities more succinctly help to develop skills in scientific thinking. Such thinking, she further stated, consists of not only deductive and inductive reasoning but also involves generalising operations and logical thinking that enhances learners' abilities in identifying problems and questions; discrimination and categorisation which are fundamental in physics learning; measuring quantities; manipulating materials and data; formulating hypothesis and law. Ogunleye and Baiyelo (1988) examined students' achievement in physics by utilising three laboratory methods. The results of their findings show that laboratory work contributes more to concept learning and experimentation than problem solving. The study also revealed that low ability students benefit more from laboratory work than high and medium ability students.
Allie (1998) remarked thus: 'Unfortunately, in many cases, the laboratory has turned into a place to either 'demonstrate the truth of something taught in lecture' or to 'produce good result'. The focus in both cases is on the content and not on what might be valuable for a student to learn from the activity'. He further stated that these 'cookbook' laboratories-those in which highly explicit instructions are given and the student don't have to think-are common and unpopular with students as they tend to produce little learning. Okebukola (1990) , Jegede (1999) and Omosewo (2001) apart from emphasising the importance of laboratory work to the teaching and learning of science also bemoaned the non-availability and inadequacy of laboratory materials and equipment. Infact, Ajewole, Ajogbasile and Okebukola (1990) observed a situation where over 20 students crowded a piece of equipment while performing laboratory practical work.
Goals and purposes of laboratory work
Laboratory practical work even though has been an essential element of the physics curriculum for more than a century, unfortunately, science education has still not yet reached a consensus as to the educational goals or the best way to assess those goals for physics laboratories. Some research studies, reviews and summaries of research in science education literature up to 1970s such as those of Wilson (1962) , Novak (1963) , Hurd and Row (1966) and Novak (1970) gave a long list representing the purposes of laboratory work which can be summarised according to four different categories of: (a) skills (accurate use and manipulation of instruments, inquiry skills, order and comm unication, critical thinking and problem solving), (b) concepts (concrete representation of concepts, application of learned concepts to higher levels and discovery of new concepts), (c) the nature of science (understanding the nature of science and its development, and knowing how scientists work) and (d) attitudes (curiosity, openness, reality, objectivity, accuracy and cooperation in teamwork). Hodson (1993) claims that empirical substantiation regarding the effectiveness of laboratory work as a way of learning scientific concepts is hard to interpret and somewhat uncertain while (Hofstein & Lunetta, 1982) on the whole believed that, it cannot be argued that laboratory work is superior to other approaches Likewise, research findings on the impact of laboratory work on students' understanding the nature of science are also unsatisfactory (Klopfer, 1990; Millar, 1989) . A major change in the goals and purposes of the laboratory work took place, however, when an alternative approach to science learning and constructivism began to gain acceptance. Constructivists hold that learning is an interpretive development, as new information is given sense in terms of the student's prior knowledge. Hence, from a constructivist point of view, each learner actively constructs and reconstructs his or her understanding rather than receiving it passively from a more authoritative source. According to these constructivist principles, the AAPT (1997) published a new set of goals for the physics laboratory as follows:
Goal 1. The art of experimentation: the introductory laboratory should engage each student in significant experiences with experimental processes, including some experience designing investigations.
Goal 2. Experimental and analytical skills: the laboratory should help the students to develop a broad array of basic skills and tools of experimental physics and data analysis.
Goal 3. Conceptual learning: the laboratory should help students to master basic physics concepts.
Goal 4. Understanding the basis of knowledge in physics:
the laboratory should help students to understand the role of direct observation in physics and to distinguish between inferences based on theory and the outcomes of experiments.
Goal 5. Developing collaborative learning skills: the laboratory should help students to develop collaborative learning skills that are vital to success in many lifelong endeavours.
Resources: their scope and definition
Resources can be defined as all those sources of help, which may be utilised by an individual or a student for the purpose of achieving the goals of learning. According to Osiyale (1998) , it encompasses all persons and things capable of conveying information, values, processes, experiences and techniques that can be used to actively engage the student in the learning process.
There are various resources that can be used for science teaching. Some of these are as follows:
• Physical resources such as school buildings, classrooms, school plants, laboratories, libraries etc.
• Human resources such as teachers and students.
• Material resources such as laboratory equipment and chemicals, teaching aids, bulletin boards, etc.
• Time resources such as number of periods per week, duration of lesson, school calendar, etc.
• Environmental resources such as items in the locality, household appliances, teaching or storage spaces, industrial resources, etc.
• External resource persons such as carpenters, mechanics, etc.
• Technological resources such as computers, radio/television, projectors, etc.
• Instructional materials such as textbooks, teachers' guides, exercise books, etc.
Today, we are not unaware of the inadequacies of the provision, usage, availability and management of these resources in schools. However, for learning to be effective, the optimal utilisation of these resources is of great importance for a subject like physics. These concrete situations could be taken to mean the resources that are available. Thus, the implementation of the present science curriculum in Nigerian schools would be more likely to succeed if adequate resources are provided for in each.
Statement of the problem
In Nigeria, one of the most striking problems of science education is that of inadequate science teaching materials (Abimbola, 2001) . Many scholars such as Ivowi (1992) and Ogunleye (2000) apart from stressing the importance of learning and teaching resources to scientific literacy and development had also decried their non-availability and inadequacy. Ogunmode (2006) traced the low level of our scientific and technological advancement after over four decades of independence due to lack of learning resources for science, technology and mathematics and the poor state of our schools' science laboratories and infrastructure, amongst other factors.
Furthermore, Akunyili (2010) in a lecture on 're-branding of Nigerian Universities' lamented thus: 'unfortunately, what we have today in many universities are insufficient, over-crowded classrooms spaces and non-existent or dilapidated laboratories. I visited a pharmacy school a few years ago and did not find a single functional tableting machine-we are training students, especially in the sciences, who may turn out to be illiterates in their fields of specialisation'. Ukah (2009) in his treatise on 'Nigeria's tertiary education and the twenty-first century' collaborated the scholars' positions when he emphasised thus: 'It is also important to remind us that most of the solutions to our nation's economic, social, scientific and technological woes reside within the walls of well-equipped classrooms and functional laboratories-a critical realisation that remains the true genius of the developed world'.
Purpose of study
This paper assesses the physics laboratory resources available in some selected tertiary institution (universities) in Lagos and Ogun States of Nigeria. The purpose of study is as follows: 
Methodology
The descriptive survey method was used for the study. Data for the research work were collected with the use of a checklist, which was developed by the researchers during visits to the selected universities. The questionnaire solicited for information on the availability, adequacy and the utilisation of physics teaching and learning resources in the selected tertiary institutions. The questionnaire was administered to physics lecturers, laboratory staff and students in the South West geopolitical zones of Lagos and Ogun states of Nigeria. These states were chosen because of the features in the variable of study. The five universities used in the study were selected through purposive sampling from the two states. This comprised of two federal universities, two state universities and one private university. The purposefully selected universities were: Federal universities-University of Lagos, Akoka (UNILAG), University of Agriculture, Abeokuta (UNAAB); State universities-Lagos State University, Ojo (LASU), Olabisi Onabanjo University, Ago-Iwoye (OOU); Private university-Covenant University, Ota (CU). A total of five teachers, 20 students and nonacademic staff were randomly selected from each sampled school.
Research instrument
The research instrument used was a questionnaire designed by the researchers for the physics lecturers, laboratory staff and students. It consists of two sections. Section A sought demographic information such as school, age and qualifications of respondents. Section B of the questionnaire consists of five sub-divisions of equipment/resources inventory on the laboratories which were grouped under their appropriate sections for easy analysis. These are measurement/instrumen tation, general physics, electronics, optics laboratories and machine shop. A total of 150 items were initially listed under the aforementioned sections. The questionnaire was later validated which occasioned the reduction of the items to 88. The coefficient of reliability of the questionnaire was 0.80. Furthermore, the researchers did not rely only on the common instructional and laboratory resources available in these institutions, but extensively sought information from physics departments of reputable universities abroad on the latest resources and technologies available and used in the teaching and learning of physics.
Responses for availability, adequacy and usage were solicited in respect of the listed physics teaching and learning resources. The responses were then sorted, collated and analysed using simple frequency counts and percentages. The Microsoft excel software package was employed in the analysis of the data due to the large number of items and subsequent data generated. The statistical analysis also employed the SPSS software for the Chi-square test analysis. The results were presented and displayed in tables and figures.
Results and discussions
Research Question 1: What laboratory resources are available for the teaching and learning of physics in the Universities in Lagos and Ogun States? The detailed analysis to answer research question 1 is shown in Table 1 . Table 1 above reveal that majority of the responses indicated the availability of items within the measurement/instrumentation, machine shop and general physics laboratorie s. However, the most frequently available of these laboratory resources groupings include measurement/instrumentation physics laboratory (50.05%) and machine shops (42.81%). General physics laboratory items (37.88%) were less frequently available in the universities laboratories, while electronics laboratory (31.82%) and optics laboratory (23.74%) items were rarely available for the teaching/learning of physics in schools.
A further analysis of the percentage of responses for each of the equipment/resource s in the laboratories of the participating universities is shown in Table 2 . Data in Table 2 indicated the responses from the universities. UNILAG has the highest availability responses in machine shop (57.76%) and measurement/instrumentation physics laboratory (51.63%). OOU's low availability response of 26.47% for optics laboratory equipment is the highest for this group. The data further revealed that the most available laboratory resources for the teaching/learning of physics in the universities include meter rule, Vernier calipers, micrometer screw gauge with 100% availability in almost all the universities. However, optics laboratory equipment such as super conducting quantum devices (SQUIDS) has a zero (0%) response in all the universities sampled.
Research Question 2:
How adequate are the available laboratory and workshop facilities for the teaching and learning of physics in the Universities in Lagos and Ogun States?
The percentage of responses indicating the adequacy or otherwise of the various equipment/ resources is shown in Table 3 . Data in Figure 2 show that more than one-half (52.00%) of the responses indicated that the items available in the measurement/instrumentation physics laboratory are adequate and nearly two-thirds (28.17%) believed it was fairly adequate. Also, more than one -third (35.65%) of the responses believed the items grouped under the general physics laboratory were very adequate and nearly onehalf (43.89%) indicated that it was fairly adequate. However, less than one-quarter of the responses (23.74% and 20.15%) indicated that the items in the electronics and optics laboratories, respectively, were very adequate. Also, nearly one-half (42.81%) of the responses agree that the machine shop is not adequate. Inadequate laboratory equipment has long been identified as a factor hindering scientific and technology acquisitions and development in schools. Ivowi (1982) observed that there are not enough facilities for teachers to demonstrate phenomena. However, in making a case for improvisation as an antidote to inadequacy, Marjorie and Brown (1969) as quoted by Umoru and Bake (2007) had warned that teachers should not use inadequate facilities and equipment as an excuse to resort to poor teaching. Instead, they should learn to improvise.
Research Question 3:
How often are these laboratory facilities utilised for the teaching and learning of physics in the Universities in Lagos and Ogun States of Nigeria? Table 4 shows the percentage of responses indicating how often students use the available equipment/resources in the teaching/learning of physics in these universities. The data shows that the most frequently used resources in the teaching/learning of physics are laboratory resources in the measurement/instrumentation group (56.75%) and machine shop equipment (42.81%). Also, the data reveal that sometimes there are teaching/learning using resources within the general physics laboratory (30.98%) to enhance the teaching/learning of physics in the sampled universities. However, the least used teaching/learning resources are the laboratory materials within the optics laboratory group (10.86%). In order to authenticate how adequate the available laboratory resources are being used in the teaching and learning of physics in the universities under consideration, the data represented in Table 4 were adopted and subjected to the confirmatory statistical tool using the Chi-square technique, the result of the analysis is shown in the Table 5 below. From the above result of the Chi-square analysis, it is observed that the p-value (0.220) is greater than the level of significance (0.05) of the test. Hence, the assumption (hypothesised statement) that the rate of use of the available resources for the teaching and learning of physics is not adequate is accepted. Eddie (2000) and Obasi (2000) have lamented that lack of facilities is the major problem in Nigeria's educational system, while Hallack (1990) saw these facilities as major determinants of academic achievements in the school system. Anukam (2006) and Mbakwem and Asiabaka (2007) were of the opinion that the cumulative effect of poor facilities results in poor motivation of students and low morale of teachers. The combined effect of these equally results in low quality work output. Many of our primary and secondary schools in most parts of the country today are faced with a lot of problems such as population explosion, overcrowded classrooms, inadequate learning materials and preponderance of unqualified, poorly educated and ill-motivated teachers (Ajayi, 2001) . Apart from this, another major problem in our system of education in Nigeria is the erosion of quality. It has been aptly pointed out that the 'hands on experiences' acquired through interactive and practice-oriented programmes are completely lost when learners are denied the opportunity to handle or manipulate laboratory equipment, agricultural tools and other machines (Obanya, 2001) .
Discussion of results
If the necessary facilities/resources that will facilitate the training of students are not available, then the teaching-learning process cannot be successful.
Summary, conclusion and recommendations
This study was designed to assess the resources for the teaching and learning of physics in the universities. The findings of this study revealed the unavailability of some essential and modern teaching and learning resources; inadequate resource situation; and poor utilisation of available resources in the selected universities. From these findings, it can be concluded that government is paying lip service to this very important level of our educational system. It is at this level that teachers are trained who will eventually go to schools to teach physics.
The unavailability of specialised and modern physics laboratory equipment was obvious from the low responses received from the optics and electronics laboratory materials (Table 1 ) from all the universities. Items in this group include laser systems, optic fibre and digital electronic systems. The implication of this is that most physics graduates from Nigerian Universities will require additional training to effectively understand and handle modern telecommunication equipment that operate on fibre optics and laser technology. The inadequacy of physics teaching and learning resources is typical of the dearth of science laboratory equipment in the tertiary level of education. This problem is compounded by the fact that most physics education students share l aboratory facilities with physics students in the Faculty of Science in most of the university sampled.
Furthermore, the findings of this study show that poor utilisation of available laboratory resources in the universities by both teachers and students is equally very disturbing. There is a deliberate recourse to rote learning in a practical oriented subject such as physics, by students, and preference to lecture method of teaching by the lecturers.
In view of the relevance of physics education to the actualisation of our goals in the development of science and technology education in Nigeria, the following recommendations are hereby suggested:
• Physics Education Laboratories should be adequately equipped to avoid their over dependence on the facilities of the Faculty of Science for their practical sessions where these facilities are shared.
• The gap between available and required physics teaching and learning resources should be bridged through regular evaluation of the resource situation by school administrators and the accreditation team of the National University Commission.
• Government should help to provide more funding through the Education Tax Funds, Petroleum
Training and Development Fund and other similar subventions or interventions to support in the procurement of laboratory equipment and machine tools for the physics departments of federal and state universities. • Physics lecturers, laboratory staff and school administrators should endeavour to use their skills and initiatives to explore and exploit their environment and improvise teaching and learning materials and equipment from local materials.
• Obsolete laboratory equipment and machineries should be replaced with modern and up-to-date facilities to guide against producing the twentieth century scientist in the twenty-first century.
• Local and International Physics Journals should be subscribed to by both the school and departmental libraries, and be made readily available to students.
• Physics lecturers and Laboratory staff should be empowered through undergoing regular trainings, seminars and workshops.
• The available resources should be optimally and prudently utilised. Waste and under-utilisation of resources should be minimised or eliminated.
